Introduction
The practical importance of the proper balance between the vegetative and reproductive processes in fruit crops has stimulated many horticultural investigations seeking to improve our practical control of these functions. Owing to the slow growth, large stature, and perennial habit of fruit trees as well as their delayed response to experimental manipulation, it has been difficult to secure comprehensive data directly. Consequently considerable work has been done on short-lived annuals, like tomatoes, the development of which is known to be comparable to that of fruit trees.
Use of herbaceous plants in horticultural studies has incidentally provided a considerable amount of agronomic data, and hence it has been natural for the agronomist to extend such investigations in his own field to important herbaceous crops not previously investigated. The existing extensive literature implies that an inverse quantitative relation exists between the reproductive and vegetative processes, growth usually tending to diminish as the size of the fruit crop increases (4, 5, 7, 13, 14, 21, 22, 23) .
It should be noted, however, that structural features of the plant in part determine the relationship between vegetative and reproductive processes. In plants of the determinate habit, the inflorescence utilizes all the apical meristem and hence arrests elongation. According to many investigators, the indeterminate habit, on the other hand, presumably permits stem elongation to continue until the developing fruits begin to monopolize the food supply. The fact that fruiting obviously interferes with elongation in crop plants of the indeterminate growth habit has led to the inference that all plants of this type behave similarly (26) . It is difficult, however, to see how this interpretation would apply to indeterminate plants which normally set only a small quantity of fruit. Moreover, the rosette vegetative phase of certain long day plants such as spinach suggests that the photoperiod may be as important as reproduction in suppression of stem growth.
In short day planits exhibiting arrested elongation under short day conditions, it is not apparent whether the response is due to fruiting or only to the shorter day length. Although the statement has been made (2) that "the reproductive phase of growth apparently curtails the vegetative phase" in the soy bean, a preliminary investigation by the writer dis-closed that exfloration of the soy bean, an indeterminate short day plant, did not result in increased growth. The present investigation was consequently undertaken to discover why exflorated soy bean plants did not behave like more typical species such as the tomato, which continue vegetative development indefinitely if exflorated.
Methods
Initial exfloration experiments with soy bean plants grown in the greenhouse seemed to indicate that the vegetative development was not influenced by continued removal of flowers. To determine whether this lack of response to exfloration might have been due to unfavorable conditions in the greenhouse, the experiment was repeated during successive seasons on plants grown out-of-doors. The results being entirely confirmatory, a more intensive investigation was undertaken. Data presented here are for two crops of plants, one grown in the summer of 1931 and another in the summer of 1932. Ito San soy beans were grown out-of-doors in well inoculated soil and all flowers were removed from one series of plants but left to develop on the control series. All plants were watered during periods of dry weather. Material was harvested for chemical analyses at frequent intervals, 20-gm. samples being preserved in alcohol for carbohydrate determinations and larger samples dried in an oven at 1000 C. for dry weight, total nitrogen, and ash determinations.
Total organic nitrogen not modified to include nitrates was determined on samples of the dried material. The material preserved in alcohol was extracted several times with 80 per cent. alcohol (37) , reducing sugars being determined on aliquots of the clarified extract and expressed as dextrose. Aliquots of the same extract were hydrolyzed with hydrochloric acid for the determination of total sugars, which are also expressed as dextrose. The residue from the alcoholic extraction was hydrolyzed by boiling for 2.5 hours with dilute hydrochloric acid under a reflux condenser. Reducing sugars were then determined and expressed as polysaccharides (20) 
Data and discussion
Growth of normal Ito San soy bean plants proceeded rapidly for some time after flowering began, the check in the growth rate seeming to coincide with the enlargement of the fruits. The stem tips of rapidly growing plants were large and blunt, but as the plants reached maturity these tips became more and more slender and the new internodes became shorter until they finally ceased to grow.
Continuous removal of flowers, however, did not increase either height or diameter of the stems or size of the leaves. Growth stopped at the same time in the exflorated and the control plants. There was a slight wrinkling of the leaves of some of the exflorated plants. The It has been shown by MURNEEK (23, 25) that fruit production limits the growtth of tomato plants and that defruiting or exfloration greatly increases the size of the plants so treated. Experimental exfloration has no such stimulating effect on the growth of the soy bean. This is a photoperiodic plant in which short day length apparently not only induces flowering but inhibits stem elongation as well. However, a shorter day seems to be necessary to affect the growth rate than to initiate flower formation, because growth continues for some time after flowering begins, long enough in fact to treble the dry weight of the stems and leaves, observations which are also confirmed by the work of other investigators. GARNER and ALLARD (9) found that Biloxi soy beans in a ten-hour day stopped growing as soon as flowering began, but under the influence of a 13-hour day they tended toward an everbearing habit so that growth and fruiting proceeded simultaneously. OWEN (30) observed that sterile soy bean plants became but little larger than those which set fruits, and that microchemical tests indicated the presence of an abundance of starch in the stems of these sterile plants.
NIGHTINGALE (27) believes that in Salvia assimilation of nitrogen is limited by a short photoperiod, and as a result carbohydrates accumulate in the plants which then become fruitful because of the increase in the C/N ratio. Accumulation of carbohydrates in the stems of exflorated soy bean plants (figs. 6, 7) cannot be explained in this way because the soy bean is not limited in its ability to absorb nitrogen under short day conditions. This is evident from the data which show that about 36 per cent. more nitrogen is assimilated by the controls than by the exflorated plants under short day conditions during which fruiting normally occurs. nitrogen from the stems and leaves does not account for all of the nitrogen in the fruits. The analytical data not only show that the vegetative reserve is maintained but that more is taken in to supply the demands of the developing fruits. This interpretation agrees with the observation made by WEBSTER (39) that nitrogen in the soy bean is not massed in one part of the plant at the expense of any other part. Further confirmation of this condition is found in the data of BORST and THATCHER (2) , which show that the absolute amount of nitrogen increases faster in the seeds than it decreases in the stems. GINSBURGE and SHIVE (12) It is also to be noted that there was a slow rate of potassium intake after flowering as compared with the increase in dry weight and nitrogen, and this was coupled with decreased succulence of the tissues. These conditions are significant and probably important factors in the cessation of growth. NIGHTINGALE, SCHERMERHORN, and ROBBINS (29) found that potassium deficiency caused an early setting of fruit, lack of growth, accumulation of carbohydrates, and a low proportion of meristematic tissue in the tomato. They concluded that growth was limited because potassium is essential for synthesis of organic nitrogen from nitrates. In the case of the soy bean, however, a different interpretation is more plausible, namely, that potassium deficiency limited nitrogen assimilation only indirectly because the mechanism of cell division and growth was inhibited. The plant still had the ability to assimilate nitrogen if it could be utilized by some growing part of the plant. The controls assimilated nitrogen to supply the developing fruits, although potassium was at the same low level in the vegetative parts of the controls as in the exflorated plants. In tically the only substances stored in excess in the soy bean are carbohydrates; and that the plant, although inactive meristematically, still has the ability to take in nitrogen and minerals so that fruiting never becomes the exhaustive process which it is in some other plants (23, 24) . Arguments for and against the idea of balance between carbohydrates and nitrogen as the controlling factor in growth and reproduction of plants (1, 6, 16, 18, 19, 28, 31, 32) must consider the behavior of photoperiodic plants (8, 9 , 10, 11). As already mentioned, Salvia, a short day plant, seems to be limited in its ability to assimilate nitrogen by a short day and The data for 1932 (tables III and IV and figs. 8-10) are given in full, although this involves some duplication, because they cover a full life cycle and because they represent a more detailed analysis of the plants than do those for 1931. These data disclose a high potassium content associated with high moisture content during the period of rapid growth, but nitrogen was not much higher in vegetative than in mature plants. Cessation Decreases in the percentages of potassium and moisture in the stems and leaves of mature soy bean plants are not due to fruiting since they are not prevented by exfloration. Likewise exfloration does not prevent cessation of growth. It seems likely then that the moisture, potassium, and to a less extent the phosphorus contents of the tissues are in some way related to nitrogen metabolism and the growth of new tissues. Whether these represent causes or only conditions accompanying particular growth responses cannot be stated with certainty.
In conclusion it may be stated that although growth of the soy bean plant normally stops at about the time that the fruits develop, plants from which the flowers are removed do not grow any larger than such normal plants. Hence cessation of growth is not due to fruiting, since it is not prevented by exfloration. Neither is it to be explained as a result of limited ability of the plant to absorb nitrogen. The best available explanation at present seems to be that the meristematic regions of the stem become inactive or dormant owing apparently to the decrease in day length, and the cessation of nitrogen absorption and the accumulation of carbohydrates are due to lack of growth. The exact mechanism of the action of the photoperiod is unknown, but in the soy bean it is related in some way to the moisture and potassium contents of the tissues. Exflorated soy bean plants show many of the symptoms of potassium starvation. Summary 1. In normal soy bean plants growth stopped at about the time that the fruits developed, which would suggest that fruit development was responsible for the cessation of growth.
2. Exfloration did not increase the vegetative development, growth ceasing simultaneously in exflorated and control plants.
3. The soy bean is a photoperiodic plant and apparently the shortening of the day length not only initiates the reproductive phase but also curtails the vegetative processes. 4 . A shorter day is required to inhibit growth in the soy bean than is necessary to initiate flowering.
5. There was an abnormal aecumulation of carbohydrates in exflorated plants. 6 . Nitrogen did not accumulate in exflorated plants, but on the other hand it was not depleted in control plants by the development of fruits.
7. Neither calcium, magnesium, phosphorus, nor potassium was depleted in control plants by the development of fruits.
8. As the plants ceased to grow there was an increase in the percentage of dry weight, or in other words a decrease in moisture content, in both exflorated and control plants.
